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MULTINODULAR GOITER: DIAGNOSIS 
A N D MANAGEMENT 6 
C. Renate Pickardt and Peter C. Scriba 
M u l t i n o d u l a r t h y r o i d e n l a r g e m e n t is a 
s y m p t o m of d i f f e r e n t t h y r o i d diseases w i t h 
v a r y i n g u n d e r l y i n g pathogenet i c p r i n c i p l e s 
(Table 6.1). F r o m the e p i d e m i o l o g i c a l p o i n t 
of v i e w , e n d e m i c a n d sporadic goiters have 
to be d i s t i n g u i s h e d . Goi te r e n d e m i a is 
assumed b y d e f i n i t i o n i n regions w i t h a 
prevalence of m o r e t h a n 10% a m o n g the 
p o p u l a t i o n u n d e r i n v e s t i g a t i o n [1 ] . 
I n m o s t e n d e m i c areas, i o d i n e def ic iency 
is the m a i n cause of goi ter d e v e l o p m e n t . 
A n o t h e r cause of goi ter e n d e m i a is the 
in take of go i t rogens via the d r i n k i n g w a t e r 
as i n C o l u m b i a a n d the H i m a l a y a s 
(Chapter 3(c)). I n o ther reg ions i o d i n e de-
f ic iency a n d d i e t a r y go i t rogens f r o m veget-
able f o o d s t u f f s are together responsible for 
this k i n d of e n d e m i c disease [2 ] , w h i c h is 
best d o c u m e n t e d for Za i re . Vegetables w i t h 
go i t rogenic effect conta in th ioglycos ides or 
cyanogenic g lycosides . I n th is context 
cigarette s m o k i n g is t h o u g h t to be a cofactor 
for goi t rogenes is , since i t increases s e r u m 
th iocyanate c o n c e n t r a t i o n . Regions w i t h 
i o d i n e def ic iency a n d e n d e m i c goi ter are 
f o u n d all over the w o r l d , p a r t i c u l a r l y i n 
m o u n t a i n o u s areas a n d c o n t i n e n t a l reg ions , 
w h e r e i o d i n e p r o p h y l a x i s is n o t u s e d [1 ,3] . 
The k n o w n data c o n c e r n i n g the sever i ty a n d 
degree of i o d i n e def ic iency a n d goi ter p r e v a -
lence i n E u r o p e are s h o w n i n F igures 6 . 1 , 
6.2. U S A , Canada a n d Japan a n d the coastal 
areas of a l l c o n t i n e n t s are free of i o d i n e 
def i c iency diseases. I n i o d i n e d e f i c i e n t re-
g i o n s , i o d i n e i n s u f f i c i e n c y is the m o s t p r o b -
able cause of goi ter . B u t ne i ther m o r p h o l o -
gical n o r f u n c t i o n a l cr i ter ia can d i s c r i m i n a t e 
speci f ical ly b e t w e e n e n d e m i c a n d sporadic 
goi ter i n an affected i n d i v i d u a l . 
Sporadic goi ter can be d i v i d e d i n t o cases 
w i t h a genetic b a c k g r o u n d , i n c l u d i n g i n d i -
v i d u a l s w i t h congeni ta l goiters i n n o n -
e n d e m i c areas, a n d o ther cases i n d u c e d b y 
g o i t r o g e n i c d r u g s . Spontaneous cases m a y 
also arise f r o m t h y r o i d i t i s or g r o w t h s t i m u -
l a t i n g g l o b u l i n s , especial ly w h e n t h y r o i d 
e n l a r g e m e n t occurs s u d d e n l y . T h e d i f f e r e n t 
genet ic defects of t h y r o i d h o r m o n e synthesis 
Table 6.1 Causes of mult inodular goiter 
Endemic Sporadic 
Iodine deficiency Genetic defects of thyroid hormone synthesis 
Dietary goitrogens Genetic defects of thyroid hormone action 
Environmental goitrogens Goitrogenic drugs 
Thyroiditis syndromes 
Acromegaly 
TSH producing pituitary adenoma 
Diseases of the Thyroid. E d i t e d b y M a l c o l m H . W h e e l e r a n d John H . L a z a r u s . P u b l i s h e d i n 
1994 b y C h a p m a n & H a l l , L o n d o n . I S B N 0 412 43030 4 . 
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Figure 6.1 Urinary iodine excretion (^tg/g creati-
nine); updated map of the original publication 
[4]. (Regional values are denoted in brackets.) 
Figure 6.2 Goiter prevalence (%); updated map 
of the original publication [4]. (Regional values 
are denoted in brackets.) 
or t h y r o i d h o r m o n e ac t ion ( T 4 receptor defect) 
are rare causes of goi ter f o r m a t i o n , w h i c h 
can h o w e v e r resul t i n m u l t i n o d u l a r goiter i n 
affected fami l ies . I n the m i n o r f o r m s of these 
defects there m a y be c o m p e n s a t i o n of t h y r -
o i d f u n c t i o n so that the i n d i v i d u a l remains 
e u t h y r o i d , whereas the m a j o r f o r m s w i l l be 
detected b y evidence of h y p o t h y r o i d i s m a n d 
goi ter or e v e n c r e t i n i s m early i n the c h i l d -
h o o d . 
Sporadic goi ter i n d u c e d b y d r u g s inter fer -
i n g w i t h t h y r o i d h o r m o n e synthesis or re-
lease is n o w a rare event . T h i s is d u e to the 
fact tha t i n d i c a t i o n s for a n t i t h y r o i d d r u g 
t r e a t m e n t are establ ished, dosage for h y p e r -
t h y r o i d i s m is easy to c o n t r o l , a n d side 
effects of substances such as l i t h i u m , carbu-
t a m i d e , f l u o r i d e a n d a m i n o g l u t e t h i m i d e are 
w e l l r ecognized i n m e d i c a l pract ice . 
I o d i n e i n d u c e d goiters are observed m a i n -
l y i n l i m i t e d areas i n Japan, w h e r e excessive 
i n t a k e of seaweed is t h o u g h t to be responsi -
ble for a defect of the escape f r o m the 
W o l f f - C h a i k o f f effect. Th i s p o p u l a t i o n m a y 
d e v e l o p h y p o t h y r o i d i s m . 
A n acute d e v e l o p m e n t of m u l t i n o d u l a r 
go i ter gives rise to the s u s p i c i o n of i n -
f l a m m a t o r y t h y r o i d disease, w h i c h is p a i n f u l 
i n the case of acute t h y r o i d i t i s a n d the 
subacute t h y r o i d i t i s of D e Q u e r v a i n , or p a i n -
less i n the case of g r a n u l o m a t o u s diseases 
such as sarcoidosis or tuberculos i s . 
I n genera l , n o d u l a r t r a n s f o r m a t i o n of the 
e n l a r g e d t h y r o i d is the consequence of ear-
l ier d i f f u s e t h y r o i d e n l a r g e m e n t u n d e r the 
c o n t i n u i n g i n f l u e n c e of the go i t rogenic p r i n -
c iple [5 ,6] . There fore , pat ients w i t h m u l t i -
n o d u l a r goi ter u s u a l l y are o lder t h a n those 
w i t h d i f f u s e t h y r o i d e n l a r g e m e n t [5 ,7] . I t has 
been s h o w n for sporadic goi ter t h a t there is 
a l inear r e l a t i o n s h i p b e t w e e n age a n d t h y r -
o i d v o l u m e a n d n o d u l a r i t y , respect ively , 
w i t h an average y e a r l y increase of 4 .5% of 
goi ter v o l u m e , as calculated b y B e r g h o u t , et 
al. [5 ,8 ] . D u r i n g n o d u l a r t r a n s f o r m a t i o n 
h y p o - , n o r m a l , a n d h y p e r f u n c t i o n i n g 
n o d u l e s m a y d e v e l o p w i t h i n the same 
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g l a n d . A l s o , m u l t i p l e a u t o n o m o u s l y f u n c -
t i o n i n g n o d u l e s can be observed i n m u l t i -
n o d u l a r goi ters w i t h associated e u t h y r o i d -
i s m . T h i s so-called m u l t i f o c a l f u n c t i o n a l 
a u t o n o m y is a disease w i t h a re la t ive ly h i g h 
f requency i n regions w i t h endemic goi ter , 
b u t l i t t l e a t t e n t i o n has been p a i d to th is f i n a l 
consequence of chronic i o d i n e def ic iency. A s 
l o n g as i o d i n e def ic iency persists, these pa-
t ients o f t e n r e m a i n f r e q u e n t l y e u t h y r o i d or 
d e v e l o p b o r d e r l i n e h y p e r t h y r o i d i s m . O n l y 
w h e n the a m o u n t of a u t o n o m o u s l y f u n c t i o n -
i n g tissue is h i g h does spontaneous h y p e r -
t h y r o i d i s m occur. H o w e v e r , this g r o u p of 
pat ients bears an u n k n o w n risk of i o d i n e 
i n d u c e d h y p e r t h y r o i d i s m w h e n there is a 
br i sk and/or p r o l o n g e d increase of i o d i n e 
in take ( C h a p t e r 5(d)) . I n o u r h o s p i t a l , th is 
disease is twice as o f t e n the cause of h y p e r -
t h y r o i d i s m as i m m u n o g e n i c t h y r o i d disease. 
6.1 C L I N I C A L P I C T U R E 
I n e n d e m i c g o i t r o u s areas, the m e d i c a l h is -
t o r y of m u l t i n o d u l a r goi ter reveals a l o n g -
s t a n d i n g t h y r o i d en largement i n m o s t cases 
[9,10]. A s l o n g as the pat ient has n o signs or 
s y m p t o m s of t h y r o i d d y s f u n c t i o n a n d n o 
local c o m p l i c a t i o n s , the disease is o f t e n u n -
not i ced a n d m a y be detected just b y chance. 
I n o ther cases, increasing g r o w t h of the 
w h o l e o r g a n , or of one or m o r e n o d u l e s , is 
responsible for local s y m p t o m s (Table 6.2) 
a n d b r i n g s the pa t ient to medica l a t t e n t i o n . 
This h i s t o r y is typ ica l of endemic goi ter i n 
i o d i n e def i c ient regions as w e l l as for ende-
mic goi ter i n areas w i t h a s igni f icant i n t a k e 
of go i t rogens . D e p e n d i n g o n the degree of 
i o d i n e def ic iency or d ie tary in take of g o i t -
rogens, pat ients m a y be e u t h y r o i d or have 
m o r e or less p r o n o u n c e d signs of h y p o t h y r -
o i d i s m . I n E u r o p e a n countr ies w i t h m i l d 
i o d i n e def ic iency , the go i t rous p o p u l a t i o n is 
e u t h y r o i d w i t h f e w exceptions [3 ,11] . O t h e r 
causes of m u l t i n o d u l a r goiter , such as defec-
t ive t h y r o i d h o r m o n e synthesis or h o r m o n e 
act ion, i n d u c e g r a d u a l a n d d i f f e r i n g degrees 
Table 6.2 Clinical symptoms of 
multinodular goiter 
Feeling of tightness 
Feeling of a foreign body 
Dysphagia 
Urge to cough 
Hoarseness 
Dyspnea, stridor 
Upper venous obstruction 
of h y p o t h y r o i d i s m . I n the m o r e c o m p l e t e 
f o r m s of these genet ical ly d e t e r m i n e d d i s -
eases the affected i n d i v i d u a l s are o v e r t l y 
h y p o t h y r o i d . Patients w i t h sporadic goi ter 
d u e to d r u g s are also u s u a l l y e u t h y r o i d . I n 
l i t h i u m treated i n d i v i d u a l s , h o w e v e r , 
h y p o t h y r o i d i s m has been observed . T h e rare 
c o n d i t i o n of T S H - p r o d u c i n g p i t u i t a r y t u m o r 
has a lready been discussed. Patients w i t h 
acromegaly a n d goi ter are e u t h y r o i d . 
S y m p t o m s f r o m n o d u l a r goi ter are 
s u m m a r i z e d i n Table 6.2. A fee l ing of t i g h t -
ness or of a f o r e i g n b o d y m a y be n o n -
specific a n d i n d e p e n d e n t of the actual t h y r -
o i d v o l u m e or n o d u l e s ; these c o m p l a i n t s 
m a y d r a w the a t t e n t i o n of the p a t i e n t a n d 
his m e d i c a l a t t e n d a n t to the t h u s i n c i d e n t a l -
l y detected disease. D y s p h a g i a a n d a n u r g e 
to c o u g h m a y resul t also f r o m re trotracheal 
t h y r o i d tissue w h i c h m a y be detected o n l y 
b y the s u r g e o n . Hoarseness can be a s ign of 
f u n c t i o n a l i m p a i r m e n t of the r e c u r r e n t 
l a r y n g e a l nerve ; th is f u n c t i o n a l i m p a i r m e n t 
can also be i n d u c e d s p o n t a n e o u s l y i n rare 
cases b y b e n i g n t h y r o i d n o d u l e s . D y s p n e a 
a n d s t r i d o r m a y be d u e to tracheal c o m -
press ion or d i s loca t ion b y epis ternal or i n -
trathoracic goiters . B o t h t r u e a n d false e n -
dothorac i c goi ter can cause c o m p r e s s i o n o f 
the u p p e r venous sys tem, a c c o m p a n i e d b y a 
m o r e or less p r o n o u n c e d v e n o u s bypass o f 
the v e n t r a l thoracic w a l l (F igure 6.3). So-
cal led d o w n h i l l varicosis o f the esophagus 
u s u a l l y remains s y m p t o m l e s s (Figure 6.4). 
Patients w i t h acute a n d subacute t h y r o i d i -
tis present w i t h a p a i n f u l en larged goi ter ; 
p a i n u s u a l l y disseminates o v e r the neck to 
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the ears or teeth . Pa lpat ion of the n o d u l e s 
intens i f ies the p a i n . I n chronic i n f l a m m a t o r y 
diseases, such as sarcoidosis, the n o d u l e s 
are painless a n d local s y m p t o m s d o n o t 
Figure 6.4 So-called d o w n h i l l varicosis of the 
esophagus in a patient w i t h recurrent goiter. 
d i f f e r f r o m those of e n d e m i c goi ter . W i t h 
respect to the u s u a l l y shor t h i s t o r y of these 
n o d u l a r goi ters , t h y r o i d m a l i g n a n c y also has 
to be c o n s i d e r e d . 
6.2 D I A G N O S T I C P R O C E D U R E S 
6.2.1 P A L P A T I O N A N D INVESTIGATION BY 
ULTRASOUND 
Diagnos t i c procedures are s u m m a r i z e d i n 
Table 6.3. C o n v e n t i o n a l l y , the m u l t i n o d u l a r 
t h y r o i d is detected b y s i m p l e p a l p a t i o n [ 7 -
9,12]. W e p e r f o r m p a l p a t i o n s t a n d i n g be-
h i n d the s i t t i n g p a t i e n t . I n th is w a y , t h y r o i d 
tissue can be d e f i n e d b y the m o v e m e n t 
i n d u c e d b y s w a l l o w i n g a g u l p of w a t e r . 
N o d u l a r i t y can be detected a n d descr ibed 
separately for each lobe a n d for the t h y r o i d 
i s t h m u s , w h i l e also n o t i c i n g the consistency. 
I t is of i m p o r t a n c e to state w h e t h e r the l o w e r 
po le can be d e f i n e d clearly i n the epis ternal 
p a r t of the neck, t h u s genera l ly e x c l u d i n g 
endothorac ic parts of the t h y r o i d . 
H i s t o r i c a l l y , goi ter size is es t imated 
a c c o r d i n g to the W H O classi f icat ion (Table 
6.4) w h i c h was o r i g i n a l l y p r o p o s e d for 
e p i d e m i o l o g i c a l p u r p o s e s . T o d a y , i n d i v i d u a l 
goi ter size can be es t imated w i t h greater 
Table 6.3 Diagnostic procedure 
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Palpation 
H i g h resolution ultrasonography 
Adequate evaluation of thyroid function (basal TSH, FT 4 / FT 3) 
Radioisotopic scintiscan (with quantitative evaluation of Tc uptake; 
in special situations, radioiodine scan) 
Cytologic evaluation of fine needle biopsy 
Appropriate evaluation of local complications 
Table 6.4 Estimation of thyroid size, W H O classification 
Stage Clinical findings 
0 - A No goiter 
0-B Goiter detectable only by palpation and not visible even when the neck 
is ful ly extended 
I Goiter palpable, but visible only w h e n the neck is ful ly extended; this 
stage also includes nodular glands, even if not goitrous 
I I Goiter visible w i t h the neck in normal position; palpation is not needed 
for diagnosis 
I I I Very large goiter which can be recognized at a considerable distance 
accuracy a n d r e p r o d u c i b i l i t y b y u l t r a s o u n d 
i n v e s t i g a t i o n [6 ,11-15] . Thickness , w i d t h 
a n d l e n g t h of b o t h t h y r o i d lobes have to be 
m e a s u r e d . The t h y r o i d v o l u m e can t h e n be 
calculated b y the f o r m u l a for an e l l i p s o i d 
u s i n g an e m p i r i c a l correc t ion factor of 0.479 
or 11/6, respect ively [6] . The f o r m u l a is : 
v o l u m e = a . b . c . 11/6 
w h e r e a is the m a x i m a l l e n g t h , b the m a x i m -
al w i d t h a n d c the m a x i m a l th ickness . 
I f the inves t igator has some expert ise , the 
r e p r o d u c i b i l i t y is suf f i c ient for c l inical p u r -
poses. The d e v i a t i o n of the results is ± 1 0 % . 
T h i s m e t h o d has l i m i t a t i o n s i n large n o d u l a r 
goi ters , w h e r e c o u p l i n g of the t ransducer to 
the neck surface m a y n o t be feasible, a n d i n 
pat ients w i t h endothorac ic t h y r o i d t issue. 
E v a l u a t i o n of n o d u l a r i t y i n a t h y r o i d w i t h 
n o r m a l or enlarged v o l u m e [5,9,11,14,16,17] 
can be p e r f o r m e d w i t h a m u c h h i g h e r sensi-
t i v i t y b y h i g h r e s o l u t i o n u l t r a s o n o g r a p h y 
w h e n c o m p a r e d w i t h p a l p a t i o n . By this 
m e t h o d , i n pat ients w i t h u n i n o d u l a r t h y r -
o ids o n p a l p a t i o n , m u l t i n o d u l a r i t y was 
d o c u m e n t e d w i t h a f o u r t i m e s h i g h e r sensi-
t i v i t y as s h o w n b y H a y a n d c o - w o r k e r s [14]. 
M o r e o v e r , b y this m e t h o d , s o n o m o r p h o l o -
gical cr i ter ia can be used to d i f f e rent ia te 
b e t w e e n s o l i d , cystic a n d m i x e d s o l i d a n d 
cystic n o d u l e s . A m o n g the so l id n o d u l e s , 
those of h i g h or n o r m a l echogenei ty can be 
d i s t i n g u i s h e d f r o m those w i t h r e d u c e d 
echogene i ty b y c o m p a r i s o n w i t h the n o r m a l 
t h y r o i d a n d the n e i g h b o r i n g m u s c u l a r t is -
sue. Th is m a y be h e l p f u l i n d e t e r m i n i n g the 
nodule (s ) to be inves t iga ted f u r t h e r b y f ine 
needle a s p i r a t i o n to exc lude or c o n f i r m 
m a l i g n a n c y [18], b u t i t has to be e m p h a s i z e d 
tha t the s o n o m o r p h o l o g i c a l appearance of a 
n o d u l e per se never d e f i n i t e l y excludes 
m a l i g n a n c y . 
I n pa t ients w i t h t h y r o i d i t i s , a l l t h y r o i d 
n o d u l e s appear h y p o - e c h o g e n i c . W h e n i n -
f l a m m a t o r y t h y r o i d disease is a s s u m e d , 
w h i t e b l o o d cell c o u n t a n d d e t e r m i n a t i o n of 
the ESR can be h e l p f u l . I n pat ients w i t h 
acute t h y r o i d i t i s d u e to bacter ial i n f e c t i o n , or 
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i n those w i t h susp ic ion of a g r a n u l o m a t o u s 
i n f l a m m a t i o n , general i n v e s t i g a t i o n s h a v e t o 
be p e r f o r m e d because d i s s e m i n a t e d m a n -
i festat ions h a v e to be e x c l u d e d . 
6.2.2 E V A L U A T I O N OF THYROID F U N C T I O N 
T h e diagnos is comprises a p p r o p r i a t e eva lua-
t i o n of t h y r o i d f u n c t i o n . For pract ica l p u r -
poses, a n o r m a l basal T S H l e v e l , w h e n 
d e t e r m i n e d b y a sensit ive assay s y s t e m , 
p r o v i d e s the i n f o r m a t i o n tha t the p a t i e n t is 
e u t h y r o i d . A n elevated basal T S H has to be 
expected i n a p a t i e n t w i t h decreased t h y r o i d 
h o r m o n e effect or w i t h i m p a i r e d t h y r o i d 
h o r m o n e synthes is , whereas c o m p l e t e l y o r 
p a r t i a l l y suppressed T S H w i l l ind ica te ele-
v a t e d t h y r o i d h o r m o n e synthesis a n d a c t i o n . 
W h e n the T S H levels are c o m p l e t e l y s u p -
pressed ( b e l o w the l i m i t of de tec t ion) p r e c l i -
n ica l or o v e r t h y p e r t h y r o i d i s m has to be 
e x c l u d e d b y d e t e r m i n a t i o n of free t h y r o i d 
h o r m o n e levels (FT 4 and/or F T 3 ) . Prec l in ica l 
a n d o v e r t h y p e r t h y r o i d i s m has a r e l a t i v e l y 
h i g h inc idence i n pat ients w i t h m u l t i n o d u l a r 
goi ter i n i o d i n e def i c ient areas. 
6.2.3 RADIOISOTOPIC I M A G I N G 
V i s u a l i z a t i o n of i n t r a t h y r o i d a l f u n c t i o n a l 
heterogenei t ies a n d ca lculat ion o f r e g i o n a l 
di f ferences of f u n c t i o n a l act ivi t ies i n t h e 
t h y r o i d can o n l y be achieved b y r a d i o i s o t o p e 
scintiscan [13] a n d ca lcula t ion of t h e u p t a k e 
[19,20]. I n n o d u l a r goi ters , the t e c h n e t i u m -
9 9 m pertechnetate scintiscan can detect 
h y p o - a n d n o n - f u n c t i o n i n g n o d u l e s as w e l l 
as h y p e r f u n c t i o n i n g h o t n o d u l e s . U n d e r ex-
ogenous or spontaneous T S H - s u p p r e s s i v e 
c o n d i t i o n s , q u a n t i t a t i v e d e t e r m i n a t i o n / 
ca lculat ion of the r e g i o n a l t e c h n e t i u m u p -
take represents a measure of t h e a u t o n -
o m o u s f u n c t i o n a l ac t iv i ty of h o t n o d u l e s 
[19,20]. I n contrast , the d o c u m e n t a t i o n of 
h y p o f u n c t i o n i n g so-called ' c o l d ' n o d u l e s is 
i n d e p e n d e n t of the T S H secret ion. 
There is considerable v a r i a t i o n i n the d i -
agnost ic use of r a d i o i s o t o p i c i m a g i n g of the 
t h y r o i d w o r l d - w i d e . I n e u t h y r o i d p a t i e n t s 
w i t h a s o n o g r a p h i c a l l y so l i tary n o d u l e , 
r a d i o i s o t o p i c i n v e s t i g a t i o n m a y be o m i t t e d 
w h e n m a l i g n a n c y can be e x c l u d e d c y t o l o g i -
ca l ly . A l s o , i n so l i tary p u r e t h y r o i d cysts the 
c o n f i r m a t i o n of the lack of i sotope u p t a k e is 
n o t n e e d e d . I n al l o t h e r c o n d i t i o n s of u n i - or 
m u l t i n o d u l a r goi ter , the i m p a c t o f i s o t o p i c 
i m a g i n g is h i g h w i t h respect to f u r t h e r 
d i a g n o s t i c a n d therapeut i c decis ions a n d 
s h o u l d there fore be r e c o m m e n d e d . 
I n e n d e m i c g o i t r o u s reg ions , the m u l t i n o -
d u l a r i t y m a y be caused b y co ld a n d h o t 
n o d u l e s w i t h i n the same g l a n d . Pat ients 
w i t h t h i s t h y r o i d disease are at r i s k of 
h y p e r t h y r o i d i s m i n the f u t u r e . M o r e o v e r , 
t h e r e is n o reasonable f o r m of m e d i c a l t reat-
m e n t f o r th i s s i t u a t i o n . I n pa t ients w i t h 
s p o r a d i c goi ter w i t h o u t defects o f t h y r o i d 
h o r m o n e synthesis or ac t ion , i f m u l t i n o d u -
l a r i t y is present , sc int iscan has to be r e c o m -
m e n d e d for the same reasons. Especial ly i n 
n o n - e n d e m i c areas, metastases of n o n -
t h y r o i d a l m a l i g n a n c y ( b r o n c h i a l , r e n a l a n d 
breast carc inomas) , parasit ic i n f e c t i o n s a n d 
g r a n u l o m a t o u s diseases h a v e to be consi -
d e r e d as the causes of these n o d u l e s . 
6.2.4 CYTOLOGICAL INVESTIGATION BY 
FINE NEEDLE ASPIRATION 
C y t o l o g i c a l i n v e s t i g a t i o n of smears of f ine 
n e e d l e a s p i r a t i o n ( F N A ) m a t e r i a l has its 
m a i n s ignif icance i n pat ients w i t h so l i tary 
n o d u l e s [9 ,10] . I n m u l t i n o d u l a r go i ters , th is 
i n v e s t i g a t i o n s h o u l d be used w h e n o n e of 
t h e n o d u l e s s h o w s recent g r o w t h or has a 
h y p o - e c h o g e n i c s t r u c t u r e i n c o m p a r i s o n 
w i t h t h e n o r m a l t h y r o i d t issue. I t can also be 
u s e d s i m p l y to exclude m a l i g n a n c y i n a l l 
n o d u l e s , w h e n surgica l t r e a t m e n t is r e f u s e d . 
I n i n f l a m m a t o r y t h y r o i d diseases, F N A p r o -
v i d e s the m a t e r i a l for the m i c r o b i o l o g i c a l 
i d e n t i f i c a t i o n of any bacter ia l i n f e c t i o n . 
T h e v a l i d i t y of cyto logica l i n v e s t i g a t i o n 
d e p e n d s o n t h e experience of the p e r s o n 
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p e r f o r m i n g F N A as w e l l as o n the c y t o l o g i s t . 
I t m a y reach a p p r o x i m a t e l y 90% s e n s i t i v i t y 
i n the d o c u m e n t a t i o n of m a l i g n a n c y i n so l i t -
ary c o l d n o d u l e s . The resul t s h o u l d i n c l u d e 
a clear d e s c r i p t i o n of t h y r o i d cell m o r p h o l o -
g y , a n d of a n y vis ib le i n f i l t r a t i o n b y l y m p h o -
or g r a n u l o c y t e s or cells of f o r e i g n o r i g i n . 
Class i f i ca t ion accord ing to Papanico laou 
cr i ter ia is n o t h e l p f u l because i t does n o t 
refer to the t h y r o i d m o r p h o l o g y a n d t h e 
poss ible d i f f e r e n t m o r p h o l o g i c a l types of 
t h y r o i d cancer. 
T h e resul t of cyto logica l i n v e s t i g a t i o n can 
s h o w clearly b e n i g n or u n e q u i v o c a l l y m a l i g -
n a n t cells, b u t there can also be a suspic ious 
z o n e . M o r e o v e r , the i n v e s t i g a t i o n can i n d i -
cate a f o l l i c u l a r a d e n o m a of h i g h c e l l u l a r i t y . 
The consequences of the lat ter t w o f i n d i n g s 
are discussed cont rovers ia l ly i n the A n g l o -
A m e r i c a n l i t e r a t u r e [10,21]. I n the case of a 
suspic ious resul t , b i o p s y can be repeated b u t 
for f o l l i c u l a r a d e n o m a , cyto logica l measures 
are u n s u i t a b l e to exclude a l o w grade f o l l i c u -
lar c a r c i n o m a . There fore , w e prefer surgica l 
r e m o v a l of the n o d u l a r lobe w i t h h i s t o l o g i c a l 
c lassi f icat ion of the t u m o r . 
6.2.5 APPROPRIATE E V A L U A T I O N OF 
L O C A L COMPLICATIONS 
I n m o s t pat ients w i t h m u l t i n o d u l a r go i ter 
c l in ica l i n v e s t i g a t i o n gives suf f i c ient i n -
f o r m a t i o n to exclude m a j o r local c o m p l i c a -
t i o n s , b u t , i f surgical t r e a t m e n t is cons i -
d e r e d , m o r e i n t e n s i v e e x p l o r a t i o n of tracheal 
a n d vocal c o r d f u n c t i o n has to be p e r f o r m e d 
[9 ,13] . D i s l o c a t i o n a n d compress ion of t h e 
trachea can be exc luded b y s t a n d a r d X - r a y 
i n v e s t i g a t i o n of the t h o r a x . Varicosis of t h e 
esophagus (F igure 6.4) m a y be d i a g n o s e d b y 
contras t s tudies . Th i s c o m p l i c a t i o n can be 
expected m a i n l y i n pat ients w i t h large re -
currences . Tracheal compress ion w i t h f u n c -
t i o n a l i m p a i r m e n t s h o u l d be i n v e s t i g a t e d b y 
m e a s u r i n g the i n s p i r a t o r y a n d e x p i r a t o r y 
a i r w a y resistance, w h i c h can exclude b r o n c -
h i a l o b s t r u c t i o n i m m e d i a t e l y i n d y s p n o e i c 
p a t i e n t s . Hoarseness or voca l f a t igue re-
qui res a l a r y n g e a l i n s p e c t i o n . D u r i n g p r e o p -
erat ive p r e p a r a t i o n of every p a t i e n t this 
latter i n v e s t i g a t i o n is r e c o m m e n d e d for 
medico- lega l reasons. 
I n pat ients w i t h a n o d u l a r goi ter a n d an 
in t ra thorac i c mass, i d e n t i f i c a t i o n of the mass 
as t h y r o i d tissue requires r a d i o i o d i n e i m a g -
i n g a n d is p a r t of the preopera t ive inves t iga -
t i o n . C o m p u t e r i z e d t o m o g r a p h y is also re-
q u i r e d ; th is a l l o w s the exact v i s u a l i z a t i o n of 
the a n a t o m i c a l r e l a t i o n s h i p b e t w e e n the i n -
trathoracic t h y r o i d tissue a n d the s u r r o u n d -
i n g s t ructures a n d the d i s t i n c t i o n b e t w e e n a 
false or t r u e endothorac i c go i ter . T h e use of 
i o d i n e c o n t a i n i n g contrast m e d i a m u s t be 
a v o i d e d , o t h e r w i s e an u n e x p e c t e d m a l i g n a n t 
t h y r o i d t u m o r cannot be s u b s e q u e n t l y trea-
ted b y r a d i o i o d i n e . I f avai lable , M R I m a y be 
used i n cases w i t h d i f f i c u l t ana tomica l i n t e r -
re la t ionsh ips b e t w e e n the endothorac i c g o i -
ter a n d thoracic s t ructures (F igure 6.5). 
H o w e v e r , i n u n c o m p l i c a t e d s i tua t ions , the 
use o f the lat ter t w o m e t h o d s seems to be 
i n a p p r o p r i a t e . 
6.3 T R E A T M E N T 
6.3.1 M E D I C A L TREATMENT 
The t r e a t m e n t of n o d u l a r t h y r o i d disease b y 
T S H s u p p r e s s i n g doses of T 4 is controvers ia l 
[10,12,13,21-24]. I t is , h o w e v e r , t h o u g h t to 
be a p p r o p r i a t e i n o r d e r to select pat ients 
w h o r e s p o n d to th is t r e a t m e n t s u f f i c i e n t l y 
f r o m those w h o d o n o t r e s p o n d , a s s u m i n g 
that the latter g r o u p clearly s h o u l d be oper-
ated u p o n for the i r resistant n o d u l a r goi ter 
[10]. R e p o r t e d results of T 4 m e d i c a t i o n range 
f r o m a response rate of 55.7% [22] to a p p r o x -
i m a t e l y zero [21] i n so l i tary n o d u l a r disease. 
I n o u r o w n i n v e s t i g a t i o n o f pat ients w i t h 
d i f f u s e e n d e m i c goi ters [23] r e d u c t i o n of the 
to ta l t h y r o i d v o l u m e reached 30%. These 
data w e r e c o n f i r m e d b y others [12] , b u t 
there is n o s t u d y i n w h i c h n o r m a l i z a t i o n of 
the t h y r o i d v o l u m e a n d the disappearance of 
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Figure 6.5 (a) Computerized tomography, axial slice orientation, wi thout contrast agent. The figure 
demonstrates a huge mass in the upper mediastinum. The trachea is laterally displaced and can be 
identified as a hypodense structure. Note the calcification i n the central portions of the tumor. 
Figure 6.5 (b) M R I , T2 weighted sequence, coron-
al slice orientation: demonstrates a huge mass 
w i t h high signal intensity, and some irregular-
ities. The mass displaces the trachea to the right 
side and additionally leads to an enormous com-
pression of the brachiocephalic trunk. No infi l tra-
t ion is shown and histology proved this to be a 
multinodular goiter wi thout any malignant inva-
sion. (We thank our colleagues of the Kl inik and 
Poliklinik für Radiologie of the University of 
Munich for these two figures: 6.5(a)(b).) 
n o d u l e s is d o c u m e n t e d c o n v i n c i n g l y . T h u s , 
h o r m o n a l suppress ive t r e a t m e n t c a n n o t be 
accepted as a reasonable l o n g t e r m t r e a t m e n t 
for e u t h y r o i d n o d u l a r disease. I n p a t i e n t s 
w i t h n o d u l a r disease d u e to d y s h o r m o g e n e -
sis or r e d u c e d t h y r o i d h o r m o n e a c t i o n , t h y r -
o i d h o r m o n e s u p p l e m e n t a t i o n is i n d i c a t e d i n 
order to o p t i m i z e the metabol ic s tatus . I n 
th is g r o u p t h y r o i d h o r m o n e t r e a t m e n t m a y 
i n d u c e a l i m i t e d r e d u c t i o n i n t h y r o i d 
v o l u m e , a n d m a y be used to a v o i d s u r g e r y . 
I n a l l o t h e r s i tua t ions , t h y r o i d s u r g e r y is 
i n d i c a t e d a n d necessary i f mechanica l c o m -
pl i ca t ions are to be p r e v e n t e d or h a v e to be 
t rea ted , a n d i f the p o s s i b i l i t y of m a l i g n a n t 
neoplasia has to be e x c l u d e d . 
M o r e recent ly , t r e a t m e n t w i t h stable 
i o d i n e has h a d a renaissance, at least i n 
G e r m a n y , a c o u n t r y w i t h e n d e m i c goi ter 
[12,15,25]. This m e t h o d of t r e a t m e n t is suc-
cessful ly used after exc lus ion of a u t o n o m y i n 
h y p o t h y r o i d neonates [25] i n p e r i p u b e r t a l 
c h i l d r e n [15] a n d i n y o u n g e r adul t s [12] w i t h 
d i f f u s e goi ters d u e to i o d i n e de f i c i ency . 
H o w e v e r , i n these g r o u p s of p a t i e n t s , w i t h 
the e x c e p t i o n of the neonates , n o r m a l i z a t i o n 
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of t h y r o i d v o l u m e was rare ly reached. T h u s , 
i o d i n e s u p p l e m e n t a t i o n i n i o d i n e def ic iency 
i n d u c e d goi ters is n o t a p r o m i s i n g concept 
w i t h respect to n o d u l a r s h r i n k i n g . I t m a y 
h o w e v e r be a reasonable w a y to p r e v e n t 
f u r t h e r g r o w t h of pre-exis tent goiters after 
exc lus ion of f u n c t i o n a l a n d m o r p h o l o g i c a l 
c o m p l i c a t i o n s . 
6.3.2 R A D I O I O D I N E TREATMENT 
I n pat ients w i t h r e c u r r e n t goiter or e lder ly 
p a t i e n t s , r a d i o i o d i n e t r e a t m e n t is a u s e f u l 
a l te rnat ive to reduce goi ter v o l u m e s i g n i -
f i c a n t l y [26] . T h e p r e c o n d i t i o n is that the 
m e c h a n i c a l l y effect ive parts of the enlarged 
g l a n d consist o f f u n c t i o n a l l y active t h y r o i d 
t issue w i t h suf f i c ient r a d i o i o d i n e u p t a k e . 
T h i s t r e a t m e n t is safe a n d the r e d u c t i o n of 
the t h y r o i d v o l u m e is suf f i c ient to i m p r o v e 
r e s p i r a t o r y o b s t r u c t i v e s y m p t o m s a n d d y s -
p h a g i a . H y p o t h y r o i d i s m m a y resul t d u r i n g 
l o n g t e r m f o l l o w - u p . 
6.3.3 SURGICAL TREATMENT 
M e c h a n i c a l c o m p l i c a t i o n s are the reason f o r 
surg ica l t r e a t m e n t of m u l t i n o d u l a r goiter i n 
m o r e t h a n 60% of pat ients i n G e r m a n y ; 
a m o n g these, tracheal compress ion is the 
m a i n c o m p l i c a t i o n . I n some cases, parts o f 
t h y r o i d tissue m a y be inserted b e t w e e n 
esophagus a n d trachea, t h u s i m p r e s s i n g the 
pars membranacea of the trachea f r o m be-
h i n d , r e s u l t i n g i n d r y c o u g h a n d d y s p n e a . 
The s i t u a t i o n is d i f f i c u l t to diagnose before 
surgica l i n t e r v e n t i o n . Patients w i t h d y s p h a -
gia a n d H o r n e r ' s s y n d r o m e s h o u l d be oper-
ated o n for b o t h d iagnost ic a n d t r e a t m e n t 
p u r p o s e s . 
I n genera l , in t ra thorac i c goiters , w i t h or 
w i t h o u t mechanica l c o m p l i c a t i o n s , s h o u l d 
be r e m o v e d surgica l ly because of the r isk of 
s ign i f i cant , p e r h a p s even l i fe t h r e a t e n i n g , 
pressure effects d e v e l o p i n g i n the f u t u r e a n d 
because m a l i g n a n c y cannot be exc luded w i t h 
c e r t a i n t y . 
The u n e q u i v o c a l i n d i c a t i o n for t h y r o i d 
surgery is the s u s p i c i o n of m a l i g n a n c y . I n 
pat ients w i t h one or m o r e so-called ' c o l d ' 
n o d u l e s , especial ly those w i t h recent 
g r o w t h , m a l i g n a n c y has to be cons idered 
even before the classical s igns of a m a l i g n a n t 
t u m o r can be r e c o g n i z e d c l in i ca l ly . T h e d is -
cussion c o n c e r n i n g the m i n i m a l v o l u m e of a 
n o d u l a r les ion w h i c h gives rise to the s u s p i -
c ion of a m a l i g n a n t t u m o r seems n o w a d a y s 
to be senseless w i t h r e g a r d to o u r k n o w -
ledge of p a p i l l a r y t h y r o i d cancers ( C h a p t e r 
11). Suspic ion of m a l i g n a n c y i n s m a l l 
n o d u l e s arises f r o m the cyto logica l f i n d i n g s 
o n l y . T h e r e p o r t e d prevalence of m a l i g n a n t 
t u m o r s of the t h y r o i d d e p e n d s m a i n l y o n 
the prese lec t ion of pat ients u n d e r g o i n g the 
e v a l u a t i o n . For pat ients b e l o w 20 years or 
above 60 years of age, a n d for males , the r i sk 
of m a l i g n a n c y i n t h y r o i d n o d u l e s is b e l i e v e d 
to be increased w h e n co ld n o d u l e s can be 
d i a g n o s e d . O t h e r a u t h o r s [10] d o n o t see a n 
increased p r o b a b i l i t y of m a l i g n a n c y w i t h 
age, b u t d i f f e r e n t i a t e d carc inomas are m o r e 
o f ten observed b e l o w the age of 40 years , 
whereas the prevalence of u n d i f f e r e n t i a t e d 
carcinomas increases thereaf ter . 
The poss ib i l i ty of m a l i g n a n c y is increased 
i n h y p o f u n c t i o n i n g so l i tary t h y r o i d n o d u l e s , 
especially i n those w i t h r e d u c e d echogenei ty 
w h e n c o m p a r e d w i t h the s u r r o u n d i n g t h y r -
o id t issue [18], b u t i t has to be p o i n t e d o u t 
that m o s t o f these data refer to so l i tary 
n o d u l e s . Since comparable i n v e s t i g a t i o n s for 
m u l t i n o d u l a r goi ters are l a c k i n g , w e p r o p o s e 
that d u r i n g the i n i t i a l i n v e s t i g a t i o n of these 
c o n d i t i o n s u l t r a s o u n d i n v e s t i g a t i o n , tech-
n e t i u m scint iscan, a n d , i n cases of c o l d 
n o d u l e s , F N A w i t h cy to log ica l i n v e s t i g a t i o n , 
s h o u l d be c o m b i n e d to exc lude or c o n f i r m a 
m a l i g n a n t t u m o r w i t h the greatest possible 
accuracy. I f cy to log ica l i n v e s t i g a t i o n leads to 
the s u s p i c i o n of a f o l l i c u l a r a d e n o m a , surgic -
al t r e a t m e n t a n d h i s to log ica l exc lus ion of a 
h i g h l y d i f f e r e n t i a t e d f o l l i c u l a r carc inoma is 
m a n d a t o r y . W h e n m a l i g n a n c y has t h e r e b y 
become u n l i k e l y , the dec i s ion for surgica l 
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t r e a t m e n t d e p e n d s o n the local s y m p t o m s 
a n d somet imes also o n cosmetic reasons. 
I n m u l t i n o d u l a r goi ters , b i l a te ra l resect ion 
u s u a l l y has to be p e r f o r m e d because of 
b i la tera l n o d u l a r d e g e n e r a t i o n . I n o r d e r to 
a v o i d recurrence , i t is r e c o m m e n d e d t h a t a l l 
n o d u l e s be resected c o m p l e t e l y [27] . I n large 
goiters w i t h p r o n o u n c e d m u l t i n o d u l a r i t y , i t 
m a y be d i f f i c u l t to d e f i n e n o r m a l t h y r o i d 
tissue i n t r a o p e r a t i v e l y , so tha t a near t o t a l 
t h y r o i d e c t o m y has to be p e r f o r m e d . 
T h e f u n c t i o n a l resul t d e p e n d s o n the 
v o l u m e of r e s i d u a l f u n c t i o n a l l y in tac t t h y r -
o i d t issue. I f the r e m n a n t has a v o l u m e of a 
n o r m a l s ized t h y r o i d g l a n d , e u t h y r o i d i s m is 
a possible resul t , whereas for smal ler r e m -
nants h y p o t h y r o i d i s m has to be expected . 
T h e classical p e r m a n e n t c o m p l i c a t i o n s of 
surgical t r e a t m e n t of a l l t h y r o i d diseases are 
palsy of the r e c u r r e n t l a r y n g e a l n e r v e a n d 
h y p o p a r a t h y r o i d i s m . The f r e q u e n c y of these 
c o m p l i c a t i o n s d e p e n d s s t r o n g l y o n the ex-
perience of the s u r g e o n . These compl i ca -
t i o n s are seen less o f t e n after s u r g e r y for 
m u l t i n o d u l a r goi ter c o m p a r e d w i t h Graves ' 
disease [28] a n d increase s i g n i f i c a n t l y i n 
opera t ions f o r r e c u r r e n t goi ter [29] . 
6.3.4 L O N G TERM FOLLOW-UP AFTER 
SURGERY A N D RADIOIODINE 
A f t e r surgical a n d r a d i o i o d i n e t r e a t m e n t of 
m u l t i n o d u l a r goi ter , t h y r o i d h o r m o n e treat-
m e n t is necessary for those w h o have over t 
or b o r d e r l i n e h y p o t h y r o i d i s m . T h e a p p r o p r i -
ate s u b s t i t u t i o n dose of T 4 s h o u l d be chosen 
to n o r m a l i z e basal T S H levels . I f pos topera -
t ive basal T S H r e m a i n s n o r m a l , i o d i n e s u p -
p l e m e n t a t i o n of 100 to 200/xg per d a y 
s h o u l d be g i v e n i n regions w i t h n u t r i t i o n a l 
i o d i n e def ic iency [30] . 
R E F E R E N C E S 
1. Stanbury, J.B., Ermans, A . M . , Hetzel, B.S., et 
ai (1974) Endemic goitre and cretinism: Pub-
lic health, significance and prevention. WHO 
Chronicle. 28: 220-8. 
2. Delange, F. (1974) Endemic goitre and thyr-
oid function in Central Africa. Monographs in 
Paediatrics. 2: 1-171. 
3. Gutekunst, R. and Scriba, P.C. (1989) Goiter 
and iodine deficiency in Europe: The ETA 
report as updated in 1988. Journal of Endocrino-
logical Investigation. 12: 209-15. 
4. Subcommittee for the Study of Endemic 
Goitre and Iodine Deficiency of the European 
Thyroid Association. (1985) Goitre and iodine 
deficiency in Europe. Lancet, i : 1290. 
5. Berghout, A . , Wiersinga, W . M . , Smits, N.J., 
et al. (1990) Interrelationships between age, 
thyro id volume, thyroid nodular i ty , and thyr-
oid funct ion in patients w i t h sporadic nontox-
ic goitre. American Journal of Medicine. 89: 
602-8. 
6. Brunn, J., Block, U . , Ruf, G. , et al. (1981) 
Volumetrie der Schilddrüsenlappen mittels 
Real-time-Sonographie. Deutsche Medizinische 
Wochenschrift. 41: 1338-40. 
7. Meng , W . , Meng, S., Hampel , R., et al. (1982) 
Ergebnisse der Schilddrüsenhormontherapie 
bei blander Struma. Zeitschrift fur die Gesamte 
Innere Medizin und Ihre Grenzgebiete. 37: 540-2. 
8. Berghout, A . , Wiersinga, W . M . , Smits, N.J. , 
et al. (1988) The value of t h y r o i d volume 
measured by ultrasonography i n the diagno-
sis of goitre. Clinical Endocrinology. 28: 
409-14. 
9. Ashcraft, M . W . and van Herle, A.J. (1981) 
Management of thyroid nodules. I : History 
and physical examination: Blood tests, X-ray-
tests and ultrasonography. Head and Neck 
Surgery. 3: 216-30. 
10. Mol i t ch , M . E . , Beck, J.R., Dreisman, M . , et al. 
(1984) The cold thyroid nodule: A n analysis 
of diagnostic and therapeutic options. Endoc-
rine Reviews. 5: 185-99. 
11. Gutekunst, R., Smolarek, H . , Hasenpusch, 
U . , et al. (1986) Goitre epidemiology: Thyroid 
volume, iodine excreton, thyroglobul in and 
thyrotropin in Germany and Sweden. Acta 
Endocrinologica. 112: 494-501. 
12. Hintze , G., Emrich, D . and Köbberling, J. 
(1989) Treatment of endemic goitre due to 
iodine deficiency w i t h iodine, levothyroxine 
or both : Results of a multicentre tr ial . Euro-
pean Journal of Clinical Investigation. 19: 527-34. 
13. Ashcraft, M . W . and van Herle, A.J. (1981) 
Management of thyroid nodules. I I . Scanning 
techniques, thyroid suppressive therapy, fine 
needle aspiration. Head and Neck Surgery. 3: 
297-322. 
References 229 
14. Hay, I . D . , Reading, C.C., Weiland, L . H . , et 
al. (1986) Clinicopathologic and high-
resolution ultrasonographic evaluation of cli-
nically suspicious or malignant thyroid dis-
eases. Frontiers of Thyroidology. 2: 925-7. 
15. Leisner, B., Henrich, B., Knorr, D . , and 
Kantlehner, R. (1985) Effect of iodide treat-
ment on iodine concentration and volume of 
endemic non-toxic goitre in childhood. Acta 
Endocrinologica. 108: 44-50. 
16. Ulbricht , f . , Schmitka, T., Meil inghoff , U . , et 
al. (1983) Sonographische Bestimmunmg von 
Schilddrüsenvolumina bei Schilddrüsenge-
sunden. Deutsche Medizinische Wochenschrift. 
108: 1355-8. 
17. Tannahill , A.J. , Hooper, M.J., England, M . , 
et al. (1978) Measurement of thyroid size by 
ultrasound, palpation and scintiscan. Clinical 
Endocrinology. 8: 483-6. 
18. Baum, K. , Reiners, C , Wiedemann, W. , et al. 
(1983) Differentialdiagnose von Schild-
drüsenknoten. Deutsche Medizinische Wochens-
chrift. 108: 1359-65. 
19. Bahre, M . , Hilgers, R., Lindemann, C. and 
Emrich, D. (1987) Physiological aspects of the 
thyroid trapping function and its suppression 
in iodine deficiency using 9 9 m T c pertechne-
tate. Acta Endocrinologica. 155: 175-82. 
20. Bahre, M . , Hilgers, R., Lindemann, C. and 
Emrich, D. (1988) Thyroid autonomy sensitive 
detection in vivo and estimation of its func-
tional relevance using quantified high-
resolution scintigraphy. Acta Endocrinologica. 
117: 145-53. 
21. Gharib, H . , James, E .M. , Charboneau, J.W., 
et al. (1987) Suppressive therapy w i t h 
levothyroxine for solitary thyroid nodules. A 
double-blind controlled clinical study. New 
England Journal of Medicine. 317: 70-5. 
22. Celani, M.F . , Mariani , M . and Mariani , G. 
(1990) On the usefulness of levothyroxine 
suppressive therapy in the medical treatment 
of benign solitary, solid or predominantly 
solid, thyroid nodules. Acta Endocrinologica. 
123: 603-8. 
23. Pickardt, C.R. (1985) Pitfalls i n thyroid hor-
mone treatment. I n : Reinwein, D . and Scriba, 
P.C., editors. I n : Treatment of endemic and 
sporadic goitre. Stuttgart: Schattauer, 157-64. 
24. Rojeski, N.T . and Gharib, H . (1985) Nodular 
thyroid disease, evaluation and management. 
New England Journal of Medicine. 313: 428-36. 
25. Heidemann, P. and Stubbe, P. (1978) Serum 
3,5,3'-triiodothyronine, thyroxine and thyro-
tropin in hypothyroid infants w i t h congenital 
goiter, and the response to iodine. Journal of 
Clinical Endocrinology and Metabolism. 47: 189-
92. 
26. Kay, T h . W . H . , d'Emden, M . C . , Andrews, 
J.T. and Mart in , F.I.R. (1988) Treatment of 
non-toxic mult inodular goiter w i t h radioactive 
iodine. American Journal of Medicine. 84: 19-22. 
27. Gemsenjäger, E., Hertz, P .U. , Staub, J.J., et 
al. (1983) Surgical aspects of thyroid auton-
omy in multinodular goiter. World Journal of 
Surgery. 7: 363-71. 
28. Palestini, N . , Valori , M.R. , Carlin, R. and 
Iannucci, P. (1985) Mortal i ty , morbidity and 
long-term results i n surgically treated hyper-
thyroid patients. Acta Chirurgica Scandinavica. 
151: 509-13. 
29. Bay, V. , Engel, U . and Zornig, C. (1988) 
Operative procedure and complications i n 
recurrent goitre. Wiener Klinische Wochens-
chrift. 100: 352-4. 
30. Wahl , R.A., Joseph, K., Bögner, E., et al. 
(1985) Thyroid function after surgery for 
autonomous and non-autonomous nodular 
endemic goitre: Effect of iodide substitution. 
Klinische Wochenschrift. 63: 812-20. 
